Comments for the Review of 2.5 MHz Acceleration in the MI

M. Church  9/29/2003

The documentation provided for this review is incomplete, poorly organized, and poorly written.  This makes reviewing it quite a bit more time consuming.

------------------------------------------Response -----------------------------------------------------

 Beams-doc-841-V1 was an early draft. We were asked to submit documents in whatever form they were because some reviewers were about to go on vacation prior to the review.   Now we have put a revised version (Beams-doc-841-V3) on the Beams Division Document Database. This version has many modifications in view of recent simulation results and comments from the MI/RF group members as well as cosmetic changes. I hope that this is more readable, coherent and satisfactory.

My comments and questions are based on reading Beams-doc-841-v1 (“Pbar acceleration in the MI using 2.5 MHz and 53 MHz rf Systems”), Beams-doc-848-v2 (Beam Study for the 2.5 MHz Acceleration in the Main Injectior”), Beams-doc-849-v1 (“Simulation of Beam Loading With the Effects of Feedback and Feedforward Compensations for the 2.5 MHz Acceleration in the Main Injector”),  PAC2001 paper “Narrowband Beam Loading Compensation in the Fermilab Main Injector Accelerating Cavities”, PAC2003 paper “2.5 MHz Feedforward Beam Loading Compensation in the Fermilab Main Injector”, and PAC2003 paper “53MHz Feedforward Beam Loading Compensation in the Fermilab Main Injector”.

I would like the project manager to respond to my underlined requests and questions below.

Is there a reference for the 2.5MHz feedback system?  If so, please provide it. 

------------------------------------------Response -----------------------------------------------------------------

Yes! The reference is “Improving the linearity of ferrite loaded cavities using feedback”, J. Dey and J. Steimel, PAC2001 page 873.  We have added this reference to the later versions of the document.

------------------------------------------------------------------------------------------------------------

Starting with Beams-doc-841:

Page 2:
 It is stated that 2.5 MHz acceleration will be used for pbars from the Accumulator.  Is this supported by Run II Project Management?  Does it fit into the overall Run II Plan?  Does this require additional 2.5 MHz hardware in the AP3/AP1/P2/P1 line? 

-------------------------------------------Response -----------------------------------------------------

It is not very clear. Recently MI and Pbar departments together successfully injected four 2.5MHz  pbar bunches in to the MI 2.5MHz buckets. Next, these bunches have been  re-bunched in 53MHz buckets and then have been accelerated from  8-150GeV. Finally,  pbars have been  sent to Tevatron after 150 GeV coalescing.  Once the beam is in the 2.5MHz  buckets  in MI at 8 GeV, one should be able to accelerate the beam to 150 GeV using the new scheme.   As far as beam transfer from Accumulator to MI is concerned one uses existing instrumentation.  Presently, there is hardly any diagnostics to see the beam in the transfer-line. The present scheme does not need any additional  2.5MHz hardware in the Ap3-P1 beamlines in that regard.   
------------------------------------------------------------------------------------------------------------

It is stated on this page that the longitudinal emittance dilution under the current coalescing scheme is “<2”.  In fact, the dilution during coalescing averages ~2.4 (as Figure 1 indicates, as stated on page 4, and as my my own investigations with SDA indicate).  Do the current simulations predict this large blowup?  I would have more confidence in the ESME simulations if they could successfully predict the current coalescing behaviour. 

------------------------------------------Response -----------------------------------------------------------------

“<2” was typo.  This typo has been corrected now.   The ESME simulations predict emittance dilution of about a factor of two under ideal conditions of nine bunch coalescing (“The Fermilab Main Injector Technical Design Handbook” section 2.6, and reference 3 of the document), which is consistent with shot-data.   

------------------------------------------------------------------------------------------------------------

Currently the highest intensity pbars from the Accumulator are 60E9/bunch @ .8 eV-sec (measured on the AP1 Resistive Wall Monitor).  However, some pbars are extracted with intensity 36E9 @ .5 eV-sec.  I expect these intensities to increase linearly as stack size increases, and the emittance numbers to remain about constant.  2.5 MHz acceleration simulations should be done at 80E9/bunch @ .8 eV-sec and at 48E9/bunch @ .5 eV-sec.
------------------------------------------Response -----------------------------------------------------------------

We will certainly do simulations for  80E9/bunch @ .8 eV-sec and at 48E9/bunch @ .5 eV-sec.  We may  not be able to present results of simulations by  the time of the review meeting.  However, our simulations are carried out for 170E9 @0.8 eVs and do not see any problems.

------------------------------------------------------------------------------------------------------------

Page 4:
My opinion is that the project is even better motivated than is stated at the bottom of this page.  If the coalescing efficiency is improved to 100%, this is a gain of 100/88 = 13.5%.  In addition, in my opinion, smaller longitudinal emittance will yield better MI(Tev transfer efficiency, better 150 GeV lifetime in the Tevatron, and better acceleration efficiency in the Tevatron.  The gain in hourglass factor will be 5% or less.  It is not unreasonable to hope for >20% increase in luminosity (for transfers from the Accumulator) if this project is entirely successful.

------------------------------------------Response -----------------------------------------------------------------

We certainly agree with this assessment. We have added a paragraph in the “Beams-doc-841-V2”. We could not quantify further the gain from MI to Tev transfer efficiency etc.   To be conservative, we do not want to make a bigger claim than what is mentioned in the document. 

------------------------------------------------------------------------------------------------------------

Pages 5-19:
Concerning beam simulations:  This is all very confusing and seemingly not self-consistent.  I use the results of  Beams-doc-849 to comment further on simulations.

Page 19:
Concerning the HLRF:  It is my impression from the documentation that the 2.5 MHz feedback system is complete, the 2.5 MHz feedforward system is complete, the 53 MHz feedback system is complete for this project (but will be further upgraded in preparation for slip stacking), and the 53 MHz feedforward system is complete but remains to be commissioned.  

Am I correct in  these conclusions? 

------------------------------------------Response -----------------------------------------------------------------

As far as hardware upgrade of beam-loading compensation is concerned, they are complete. However, they were not tuned in for 2.5MHz acceleration study. After the present shutdown we plan to tune beam-loading compensation  over the first few shifts during the 2.5MHz acceleration studies. 

------------------------------------------------------------------------------------------------------------

Is the 53 MHz feedback system upgrade for slip stacking expected to improve the 2.5 MHz acceleration results?  

------------------------------------------Response -----------------------------------------------------------------

53MHz  feed-back and feed forward system upgrade for slip stacking  is certainly helping us.  This should aid the multi-batch transition for 2.5 MHz Acceleration. 

------------------------------------------------------------------------------------------------------------

What high level work is being done (or needs to be done) to further reduce the 53 MHz paraphased voltage during 2.5 MHz acceleration? 

Response: We are not actively working on this. However, we will be benefited from the recent work on  53MHz beam-loading compensation.
Are there plans to increase the 2.5 MHz voltage capability from ~60KV to 75KV?

Response: No  
------------------------------------------------------------------------------------------------------------

Page 22:
Concerning the LLRF:  On page 22 there appears to be a list of 10 LLRF projects associated with the 2.5 MHz coalescing project.  Which of these projects are complete?  Which of these projects require more work?  How much work?  Please give manpower, cost, and beam study time estimates.

------------------------------------------Response -----------------------------------------------------------------

All 10 projects listed are already in place and incorporated in the MI LLRF. We do not foresee any further work. We need some study time for tuning.

------------------------------------------------------------------------------------------------------------

Pages 23-38:
Concerning beam studies to date:  This is all very confusing.  I use the results of  Beams-doc-848 to comment further on these studies.

------------------------------------------Response -----------------------------------------------------------------

See Beams-doc-841-V2. 

------------------------------------------------------------------------------------------------------------

Page 37:
Using a parabolic distribution for the bunch is both an approximation and an assumption.  A parabolic distribution is matched to a stationary RF bucket only in the small angle approximation.  In any case in which the RF bucket is almost full, the formula on page 37 will give an incorrect answer.  In addition, after some RF manipulations (coalescing, for example), the bunch is definitely not parabolic.  Have you done parabolic fits to the Resistive Wall Monitor data to verify that the distributions are indeed parabolic?
------------------------------------------Response -----------------------------------------------------------------

The buckets were not full in any of these cases.  Our long. emittance  measurements were only for beam in stationary buckets.  The highest bunch-length/bucket-length  was less than 0.6 for the beam in 53MHz bucket at 27 GeV after harmonic transfer.  For 2.5MHz bunches this ratio was (0.5 at 8GeV before compression,  (0.3 at 8 GeV just before acceleration,  (0.1 at 27 GeV before rotation.  Even for 4.5-5 radian the formula works fine. Therefore, no  parabolic fit is  done. 

------------------------------------------------------------------------------------------------------------

Pages 39:
Concerning future beam studies:  Your total estimate for commissioning this system for pbar transfers from the Accumulator is 2+6+1=9 to 3+7+2=12 shifts.  Is this correct?
------------------------------------------Response -----------------------------------------------------------------

Yes! About 12-15 shifts are requested. We do not have any contingency in this estimation.  A better estimate is presented in  V2 of the document.

------------------------------------------------------------------------------------------------------------

Concerning Beams-doc-849:

What gives you confidence that ESME correctly simulates the beamloading effect? 

How long does it take to run one complete simulation with 2000 particles/bunch?   Is the computer you’re running these simulations on comparable in speed to a Beams Division standard issue 2 GHz PC?
------------------------------------------Response -----------------------------------------------------------------

The effects of  2.5 mhz beam loading and feedback compensation are measured and compared with the simulations in BD document 852.

On the Beams Physics Farms one of these calculations take anywhere between 2-4 days. 

------------------------------------------------------------------------------------------------------------

Figure 1:
What intensity was the beam?

Response: 17e9 per bunch.

What was the initial longitudinal emittance?

I assume 2.5 MHz feedback and feedforward was used in this simulation, but the 53MHz system was completely removed from the simulation.  Is this correct?

Response: 53 mhz beam loading and compensations are not included in these simulations. They are done separately.

Is the 1st plot at the capture voltage (4KV?) or 60KV?

Response: 2 kV at 8 GeV

Was the broadband impedance of the MI included in this simulation?

Response: not included. Space-charge and broadband impedance of the MI are studied in BD document 762. 

The ESME labels and legends in this paper are uniformly unreadable.  Please fix this or include more detailed captions.
Response: Changes are made to the paper so that the labels and legends are more readable.

Figure 2:

The 1st figure is confusing.  What does it mean, “beam loading voltage along the machine”?

Response: beam loading voltage as a function of azimuthal angle around the machine.

1st Table:
At what intensity are these simulations done?

Response: 17e9 per bunch

In addition to the RMS emittance and emittance growth, please quote the 95% emittance and emittance growth.

ESME needs to be modified to get 95% emittance at every point. In future we will try to get 95% values along with RMS emittance.

2nd Table:
At what intensity is this simulation done?

Response:  6e9 per bunch.

However, recently we have carried out further simulations for 53MHz beam-loading feed-back and feed-forward compensation included for four rotation cases and 170E9pbars/bunch. See  Beams-doc-841-V2, Table III last item and figures 10A and 10B.

In addition to the RMS emittance and emittance growth, please quote the 95% emittance and emittance growth.

ESME needs to be modified to get 95% emittance at every point. In future we will try to get 95% values along with RMS emittance.

Does this simulation include a nonzero 53MHz voltage on the cavities during bunching and acceleration (ie, imperfect paraphasing)?

Response:  The effect of a nonzero 53 mhz voltage is studied in BD document 762.

During the initial capture of beam from the Accumulator, there is a period of time (10-s – 100’s of milliseconds?) where the 2.5 MHz voltage is only a few KV and the 53 MHz effects (both beamloading and imperfect paraphasing) may be large.  Is this included in the simulation?

Response:  We do not anticipate any  problems if 53MHz system is properly paraphrased down. We have done simulations with about 1kV of 53MHz rf voltage. We specify this voltage to be ~400V.
Concerning Beams-doc-848:

Figures 1, 5:

What is the hash I see on the 53MHz fanback signal after the beam is bunched with 2.5 MHz?

Response:  During early studies we did not have this problem. When the multi-batch NUMI studies commenced this problem showed up. We believe that the hash seen on 53MHz fanback signal is instrumental.  Presently, the hash intensity seems to be a bit severe on one bunch acceleration as compared with four bunch acceleration. However, we did not see any effect of this  on the beam bunches. We will investigate this further.
1st 3 Tables:
The first 3 tables seem to show overall emittance growths of about a factor of 2 for the relevant cases.  Is this the correct interpretation?  
Response: These tables need to be interpreted a bit carefully. During these studies we have tuned the 2.5MHz acceleration (injection, transition crossing and bunch rotation) for four bunches, 60E9/bunch and with bunch initial long. emit of ~1.9eVs. We have  made a statement effective to this (e.g., caption to Table V of Beams-doc-841-V1)  

For single bunch acceleration or four bunch with widely differing long. emittance, tuning  was needed.  In conclusion, for the case of interest, we see an average of 45% emittance growth from 8-27 GeV until the end of harmonic transfer and about 30% emittance growth for single bunch acceleration.  We have tried to make this  clear in later version of the document.    

To what do you attribute this emittance growth?

Response: The beam loading compensations were not optimized for these studies. As a result of this, the first and the last bunch had slightly different phases arising due to beam-loading effects. So, parameters optimized for high intensity need not be optimal for low intensity. Separate tuning was necessary.
Other comment:

J. Spalding’s Run II Project Plan shows initial commissioning of this system being complete by Feb ’04.   Is this reasonable?  His plan, however, shows completion of the 2.5 MHz acceleration project as being tied to completion of the 2.5 MHz BPMs in the MI in Aug ‘05.  Are 2.5 MHz BPMs in the MI necessary to complete this project?

Response: We have asked for about another twenty (2-3 hour) study shifts for completion of the project. As stated in Beams-doc-841-V2 most of these are semi-parasitic to stacking cycle.  Given the study time, yes, it is reasonable.

It is better to have beam position detection capability using  2.5MHz BPMs, but, are not essential.  

